BACKGROUND {#sec0001}
==========

In December 2019, a breakout of pneumonia of unknown etiology was reported in Wuhan City, China, which was subsequently traced to the Huanan Seafood Wholesale market.[@bib0001] Chinese Health Authorities forewarned the World Health Organization (WHO) about the novel coronavirus outbreak on December 31, 2019, and it was pinpointed as the causative pathogen on January 7, 2020. On February 11, 2020, WHO gave the authorized name COVID-19 for this disease caused by SARS-Cov2, a novel virus genetically related to the coronavirus responsible for the 2003 SARS outbreak. Subsequently, on March 11, 2020 COVID-19 was declared a global health pandemic.[@bib0002]

Since then, the global detection and spread of the virus has been rapid. As of June 29, 2020, COVID-19 has affected 213 countries with more than 10,199,798 confirmed cases, and a gruesome global death toll of 502,947.[@bib0003] ^,^ [@bib0004] Basic reproductive number (Ro) has been reported to range from 2.2 to 5.7 in recent studies, and similarly, case fatality rates for the disease varies considerably between countries ranging from 0.04% to 16.33%.[@bib0005] ^,^ [@bib0006] Originally, the highest number of deaths were reported in China; however, with the rapid global spread of this virus, several other major epicenters have risen alongside the United States, which has the highest COVID-19 death toll (125,928) as of June 29, 2020.[@bib0004] Further, current estimates by the IHME, predict even more deaths (113,182-226,971) in the United States by August 2020.[@bib0007]

The clinical manifestations of diagnosed individuals with COVID-19 can be predominantly characterized via a cluster of flu-like symptoms (fever, cough, dyspnea, myalgia, fatigue, diarrhea, and smell/taste disorder); however asymptomatic cases have also been confirmed.[@bib0008] Major life-threatening complications of the disease frequently include acute respiratory distress syndrome, acute renal injury (AKI), acute coronary injury, and one or more organ failure or dysfunction.[@bib0008] ^,^ [@bib0009] These severe complications seem to be worsened in COVID-19 patients who are elderly (\>60) and/or with one or more comorbidities.[@bib0009], [@bib0010], [@bib0011], [@bib0012] Initial data on clinical characteristics from Wuhan, China suggested that 32% of COVID-19 positive patients had underlying diseases consisting of cardiovascular disease (CVD), hypertension (HTN), diabetes, and chronic obstructive pulmonary disease (COPD).[@bib0013] Soon after, a Nationwide statistic from China on the clinical characteristics and outcomes of COVID-19 patients also revealed that among the diagnosed cases most had one or more coexisting conditions.[@bib0014]  Subsequently, preliminary data from the United States, EU/EEA also confirmed that individuals with major comorbidities including CVD, HTN, diabetes, COPD, CKD, and malignancy seem to be at higher risk than those without these conditions for severe COVID-19 complications.[@bib0015] ^,^ [@bib0016] Requirement for hospitalization and intensive care unit (ICU) admissions with COVID-19 have been observed in about 20% of cases with polymorbidity, with case fatality rates as high as 14%.[@bib0017] Overall, composite data suggests that individuals with chronic underlying illness may have severe outcome risks as high as 10-fold as compared to individuals without any comorbidity.[@bib0018]

Therefore, given the tremendous health and economic burden of COVID-19, thorough evaluation of the association and prevalence of comorbidities in COVID-19 patients is needed in combating this global pandemic. The aim of our review is to explore the prevalence of top global comorbidities (CVD, Diabetes, COPD, Cancer, and CKD) among individuals with COVID-19, as well as investigate any significant associations.[@bib0019] This review identifies vulnerable patient populations who are at increased risk of severe COVID-19 complications while informing clinicians, policy makers, and researchers as new strategies and policies are developed to mitigate the effects of the COVID-19 pandemic.

MATERIALS AND METHODS {#sec0002}
=====================

Search strategy {#sec0003}
---------------

We conducted a comprehensive search in PubMed, MEDLINE, EMBASE, SCOPUS and Google Scholar to find all relevant articles which were published until May 15, 2020. The search keywords used in various combinations were "COVID-19 AND Comorbidity OR Chronic Disease," "COVID-19 AND comorbidities, clinical characteristics, epidemiology," "SARS-Cov-2 AND Comorbidities," "coronavirus AND Chronic disease," "COVID-19 and chronic disease prevalence," "Covid 19 and chronic illness," "COVID-19 OR SARS-Cov2 AND Comorbidity OR Chronic Disease OR Underlying Disease," "Comorbidity" OR "Chronic disease" OR "Underlying Disease" AND " COVID 19" "coronavirus" "SARS-Cov-2." Similarly, to avoid missing any relevant literature, we performed additional searches from reference lists of the included studies. Our search was only limited to the English language.

Inclusion and exclusion criteria {#sec0004}
--------------------------------

Inclusion criteria: (1) Study types: published primary literatures that provided information and data on comorbidities and individuals diagnosed with COVID-19; (2) Studies included patient dataset with COVID-19, and major comorbidities including: CVD, HTN, Diabetes, COPD, and/or CKD, malignancy, other. Exclusion criteria: (1) Articles that did not contain appropriate and sufficient data regarding major comorbidities listed above; (2) Studies with exclusively pediatric, pregnancy cases, and disease specific studies; (3) Studies not written in English; (4) Discussion summaries, abstracts, case reports, systematic reviews, editorials, and letters.

Data extraction and screening {#sec0005}
-----------------------------

Data extraction and screening were performed using the Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) methodological framework.[@bib0020] The database searches and other sources (google) identified a total of 469 possibly relevant articles. Following the removal of duplicate articles, 359 were included for further review process. Under the inclusion and exclusion criteria mentioned above, the identified studies were reviewed by all the authors independently. Ninety-one articles qualified for final review after excluding 268 articles from the screening process. Further 64 articles were eliminated after reviewing full-text articles based upon the criteria ([Fig 1](#fig0001){ref-type="fig"} ), and a total of 27 peer-reviewed studies were finalized for this study ([Table 1](#tbl0001){ref-type="table"} ). Variations between authors were resolved via thorough discussion and concluded with consensus. The agreement for the final studies selection between authors was 91.4% with Cohen\'s kappa statistic k = 0.72. The following features were obtained for collective assessment: name of the first author, timeline of the study, city/country of the study, sample size, age, sex, and comorbidity data.Fig 1PRISMA flow chart of the literature review and article identification process.Fig 1Table 1Main characteristics and quality of reviewed studiesTable 1Study (n = 27)Timeline (mm.dd)City, countryN =Age (y)[§](#tb1fn4){ref-type="table-fn"}Gender (M/F)Quality[†](#tb1fn2){ref-type="table-fn"}Cao et al.Jan 03-Feb 01Wuhan, China10254 (37-67)53/49\*\*\*\*\*\*\*\*\*\*Chen, N et al.Jan 01-Jan 20Wuhan, China9955.5 ± 13.167/32\*\*\*\*\*\*\*\*\*\*Chen, Q et al.Jan 01-Mar 11Zhejiang, China14547.5 ± 14.679/66\*\*\*\*\*\*\*\*\*\*Chen, R et al.- Jan 31China50[‡](#tb1fn3){ref-type="table-fn"}69 (51-86)30/20\*\*\*\*\*\*\*\*\*Chen T et al.Jan 13-Feb12Wuhan, China27468 (62-77)171/103\*\*\*\*\*\*\*\*\*\*Guan, et al.- Jan 29China1,09947 (35-58)640/459\*\*\*\*\*\*\*\*\*\*Huang et al.- Jan 02Wuhan, China4149 (41-58)30/11\*\*\*\*\*\*\*\*\*Mo, P et al.Jan 01- Feb 05Wuhan, China15554 (42-66)86/69\*\*\*\*\*\*\*\*\*Wang, D. et al.Jan 01-Jan 28Wuhan, China13856 (42-68)75/63\*\*\*\*\*\*\*\*\*\*Zhang, G et al.Jan 02-Feb 10Wuhan, China22155 (39-66.5)108/113\*\*\*\*\*\*\*\*\*\*Zhang, J et al.Jan 13-Feb 16Wuhan, China11138 (32-57)46/65\*\*\*\*\*\*\*\*\*\*Zhang, JJ et al.Jan 16-Feb 03Wuhan, China14057 (25-87)71/69\*\*\*\*\*\*\*\*\*\*Zhou et al.- Jan 31Wuhan, China19156 (46-67)119/72\*\*\*\*\*\*\*\*\*\*Du et al.Jan 09-Feb 15Wuhan, China85[‡](#tb1fn3){ref-type="table-fn"}65.8 ± 14.262/23\*\*\*\*\*\*\*\*\*\*Liu et al.- Feb 07Hubei, China13757 (20-83)61/76\*\*\*\*\*\*Li et al.- Apr 03Wuhan, China25[‡](#tb1fn3){ref-type="table-fn"}73 (55-100)10/15\*\*\*\*\*\*\*\*\*Wang, Z. et. al- Mar 16Wuhan, China6942 (35-62)32/37\*\*\*\*\*\*\*\*\*\*Ye, et al.- Apr 01China1,09947 (35-58)640/459\*\*\*\*\*\*\*\*\*\*Jeong, et al.- Mar 12South Korea66[‡](#tb1fn3){ref-type="table-fn"}77 (35-93)37/29\*\*\*\*\*\*\*\*\*\*Kang, YJ- Mar 16South Korea75[‡](#tb1fn3){ref-type="table-fn"}30-80[║](#tb1fn5){ref-type="table-fn"}NA\*\*\*\*\*\*\*\*\*Grasselli, et al.Feb 20-Mar 18Lombardy, Italy1,59163 (56-70)1,304/287\*\*\*\*\*\*\*\*\*\*Benelli, et al.Feb 21-Mar 13Crema, Italy41166.8±16.4359/180\*\*\*\*\*\*\*\*Carreno, et al.- April 18Mexico7,497464,348/3,149\*\*\*\*\*\*\*McMichael, et al.[\*](#tb1fn1){ref-type="table-fn"}- March 18Washington, United States16772 (21-100)55/112\*\*\*\*\*\*\*\*\*Richardson et al.March 01-Apr 04Newark, United States5,70063 (52-75)3,437/2,263\*\*\*\*\*\*\*\*Lovell, et al.[\*](#tb1fn1){ref-type="table-fn"}- Apr 20United Kingdom10182 (72-89)64/37\*\*\*\*\*\*\*\*Nikpouraghdam, et al.Feb 19-Apr 15Iran2,96465 (57-75)1,959/1,009\*\*\*\*\*\*\*\*[^1][^2][^3][^4][^5]

Quality assessment {#sec0006}
------------------

Two authors independently scanned and evaluated the enrolled literatures to ensure reliability. The quality of the included studies was assessed using the Newcastle-Ottawa scale,[@bib0021] with ratings ranging from 1 to 10 stars (\*). At least 6 out of 10 stars were considered to represent good to high-quality study. Overall results are presented in [Table 1](#tbl0001){ref-type="table"} (full assessment presented in [Supplementary Table A](#sec0021){ref-type="fn"}).

Analysis {#sec0007}
--------

A careful assessment of data and analysis from all included studies was performed to establish and validate any conclusions regarding comorbidity and COVID-19. As such, data extracted from these studies was evaluated to examine the relationship between COVID-19 and comorbidity. Overall COVID-19 patient demographics, prevalence of comorbidities, and any association between major chronic comorbid conditions and COVID-19 outcomes were methodically reviewed. Subsets of pooled studies were used to perform quantitative analysis based on available data in these studies. This included results about correlation between comorbidity and COVID-19 fatality, which were expressed as individual and pooled odds ratios (OR) with 95% CI and *P* value (alpha \< 0.05). All analysis was performed using Microsoft Excel (version 16.36).

RESULTS {#sec0008}
=======

Characteristics of reviewed studies {#sec0009}
-----------------------------------

A total of 27 studies (N = 22,753) were included in our review ([Table 1](#tbl0001){ref-type="table"}).[@bib0013] ^,^ [@bib0022], [@bib0023], [@bib0024], [@bib0025], [@bib0026], [@bib0027], [@bib0028], [@bib0029], [@bib0030], [@bib0031], [@bib0032], [@bib0033], [@bib0034], [@bib0035], [@bib0036], [@bib0037], [@bib0038], [@bib0039], [@bib0040], [@bib0041], [@bib0042], [@bib0043], [@bib0044], [@bib0045], [@bib0046], [@bib0047] The general timeline of these studies ranged from January 2020 to April 2020 ([Table 1](#tbl0001){ref-type="table"}). These studies were comprised of data from the following countries: China (18 studies, N = 4,181),[@bib0022], [@bib0023], [@bib0024], [@bib0025], [@bib0026], [@bib0027], [@bib0028], [@bib0029], [@bib0030], [@bib0031], [@bib0032], [@bib0033], [@bib0034], [@bib0035], [@bib0036], [@bib0037], [@bib0038] South Korea (2 studies, N = 141),[@bib0039] ^,^ [@bib0040] Italy (2 studies, N = 2,002),[@bib0041] ^,^ [@bib0042] Mexico (1 study, N = 7,497),[@bib0043] United States (2 studies, N = 5,867),[@bib0044] ^,^ [@bib0045] United Kingdom (1 study, N = 101),[@bib0046] and Iran (1 study, N = 2,964)[@bib0047] ([Table 2](#tbl0002){ref-type="table"} ). The median age of the patient population was approximately 56 \[IQR 48.25-67.4\] with a male to female ratio of 1.57. Comorbidity data included CVD, HTN, Diabetes, COPD, Cancer, CKD, and other ([Fig 2](#fig0002){ref-type="fig"} ). The quality of these studies ranged from good to excellent based on the Newcastle-Ottawa scale ([Table 1](#tbl0001){ref-type="table"}).Table 2Summary of co-morbidity history from COVID-19 patientsTable 2StudyN =CVDHTNDiabetesCOPDCancerCKDOtherChina Cao et al.10251756314 Chen, N et al.9940NA[†](#tb2fn2){ref-type="table-fn"}1211NA3 Chen, Q et al.1451211463311 Chen, R et al.50[\*](#tb2fn1){ref-type="table-fn"}1428136NA50 Chen T et al.274739237240 Guan, et al.1,09942165811210825 Huang et al.41661311NA14 Mo, P et al.15522371557612 Wang, D. et al.138274314410413 Zhang, G et al.22137542269610 Zhang, J et al.1113151438NA1 Zhang, JJ et al.140742172NA265 Zhou et al.19115583662222 Du et al.85[\*](#tb2fn1){ref-type="table-fn"}1732192635 Liu et al.13710131422NA24 Li et al.25[\*](#tb2fn1){ref-type="table-fn"}1216102250 Wang, Z. et. al6989764NA1 Ye, et al.1,0994216481121080**Total**4,181315759410898057210South Korea Jeong, et al.66[\*](#tb2fn1){ref-type="table-fn"}15302311755 Kang, YJ75[\*](#tb2fn1){ref-type="table-fn"}47NA[†](#tb2fn2){ref-type="table-fn"}3518101125**Total**14162305829171630Italy Grasselli, et al.1,591223509180428136426 Benelli, et al.41193193674833220**Total**2,0023167022479011458426United States McMichael, et al.16768673836154352 Richardson et al.5,7009663,0261,808920320454128**Total**5,8671,0343,0931,846956335497180Mexico Carreno, et al.7,4972251,5441,252472NA1422,668United Kingdom Lovell, et al.1013454362225212Iran Nikpouraghdam, et al.2,964375911360171819**Total N (%)**22,7532,023 (8.9%)6,241 (27.4%)3,962 (17.4%)1,718 (7.5%)588 (2.6%)809 (3.5%)3,535 (15.5%)[^6][^7]Fig 2Overall proportions of comorbid and noncomorbid COVID-19 patient populations in reviewed studies; including distribution of major disease categories. Comorbidity legend matches individual categories (highest to lowest %) as listed.Fig 2

Comorbidity specific characteristics {#sec0010}
------------------------------------

Among the 22,753 COVID-19 positive patient population, 42.3% patients were without any chronic comorbid condition, while 57.7% had one or more comorbidity ([Fig 2](#fig0002){ref-type="fig"}). Major comorbidities in overall population (N = 22,753) were CVD (8.9%), HTN (27.4%), Diabetes (17.4%), COPD (7.5%), Cancer (3.5%), CKD (2.6%), and other (15.5%) ([Table 2](#tbl0002){ref-type="table"}). Further, comorbidity distribution within the comorbid population group (N = 13,050) were CVD (10.7%), HTN (33.1%), Diabetes (21%), COPD (9.1%), Cancer (3%), CKD (4.3%), and other (18.8%) ([Fig 2](#fig0002){ref-type="fig"}). Hypertension followed by diabetes and CVD/COPD were the most common comorbidities seen in these COVID-19 positive patient populations ([Table 1](#tbl0001){ref-type="table"}). Further examination of country specific major comorbidities ([Fig 3](#fig0003){ref-type="fig"} ) also had HTN as one of the most common comorbidities across all groups. However, major comorbidity specific to each country varied as follows -- China (HTN 39.5%), South Korea (CVD 25.6%), Italy (HTN 35.9%), United States (HTN 38.9%), Mexico, (Other 42.3%), United Kingdom (HTN 27.8%), Iran (Diabetes 35%) ([Fig 3](#fig0003){ref-type="fig"}). Diabetes was the second most common comorbidity in 5 of 7 countries reviewed.Fig 3Distribution of major comorbidities in various COVID-19 epicenters around the world. Data labels within each country match the comorbidities in order as listed. Cancer data not available for Mexico.Fig 3

Comorbidity and COVID-19 fatality {#sec0011}
---------------------------------

A subset of studies from the final screening, which included data specific to fatality was used to pool and assess association between comorbidity and COVID-19 mortality. These included studies reporting fatal/nonfatal cases (4 studies, N = 3,751)[@bib0022] ^,^ [@bib0023] ^,^ [@bib0042] ^,^ [@bib0047]); and studies reporting only fatal cases (5 studies, N = 301).[@bib0026] ^,^ [@bib0034] ^,^ [@bib0036] ^,^ [@bib0039] ^,^ [@bib0040] Based on studies reporting data on both fatal and nonfatal outcomes, association between comorbidity and COVID-19 fatality was evaluated; and 3/4 studies showed a strong correlation between having one or more comorbidity and fatality (Cao et al. OR 4.88, CI \[1.47-16.21\], *P* \< .05; Chen, T et al. OR 2.70, CI \[1.64-4.43\], *P* \< .05; Benelli et al. OR 4.10, CI \[2.08-8.06\], *P* \< .05, while one showed no such correlation (Nikpouraghdam et al. OR 0.62, CI \[0.43-0.89\], *P* \< .05) ([Table 3](#tbl0003){ref-type="table"} ). Overall, based on all 4 studies (Pool 1) no significant correlation was found between comorbidity and fatality in COVID-19 patients- OR 0.83, CI \[0.60-0.99\], *P* \< .05 ([Supplementary Table B](#sec0021){ref-type="fn"}). However, pooling of the first 3 studies (Pool 2) with significant results did show an overall strong correlation -OR 2.57, CI \[1.82-3.63\], *P* \< .05. Similarly, no significant correlation between any specific comorbidity evaluated in this review and COVID-19 fatality was seen in Pool1; with only HTN showing positive correlation to fatality (OR 1.65, CI \[1.01-1.85\], *P* \< .05) in Pool 2 ([Supplementary Table B](#sec0021){ref-type="fn"}).Table 3Summary of fatal and nonfatal cases with comorbidity in COVID-19 patientsTable 3ComorbidityCao et al.Chen T, et al.Benelli, et al.Nikpour., et al.TotalN = Fatal (Nonfatal) casesTotal (N =)13 (34)71 (62)61 (195)201 (2,240)346 (2,531)CVD6 (5)21 (7)28 (65)4 (33)59 (110)HTN11 (17)54 (39)48 (145)8 (51)121 (252)Diabetes6 (5)24 (23)25 (42)11 (102)66 (172)COPD4 (6)11 (7)10 (38)9 (51)34 (102)Cancer1 (3)5 (2)9 (24)1 (16)16 (45)CKD3 (1)1 (4)11 (11)3 (15)18 (31)Other2 (4)8 (12)02 (17)12 (33)OR \[95% CI\],\
*P* value4.88 \[1.47-16.21\]\
\<.052.70 \[1.64-4.43\]\
\<.054.10 \[2.08-8.06\]\
\<.050.62 \[0.43-0.89\]\
\<.050.83 \[0.60-0.99\]\
\<.05

Similarly, upon reviewing a subset of studies reporting only fatal cases, overall fatality was seen in 84.1% of patients with one or more comorbidity. Major comorbidity specific data showed significant fatality in CVD (34.9%), HTN (35.2%), and Diabetes (33.2%) groups, with comparatively lesser fatality in COPD (13%), CKD (8.3%), Cancer (9.6%), and other (11.6%) group ([Table 4](#tbl0004){ref-type="table"} ).Table 4Summary of fatal cases with comorbidity and COVID-19Table 4ComorbidityChen, R et al.[\*](#tb4fn1){ref-type="table-fn"}Du et al.[\*](#tb4fn1){ref-type="table-fn"}Li et al.[\*](#tb4fn1){ref-type="table-fn"}Jeong, et al.[\*](#tb4fn1){ref-type="table-fn"}Kang, YJ[\*](#tb4fn1){ref-type="table-fn"}Total (%)Total N/n50/3585/5825/2566/6175/74301/253 (84.1%)CVD1417121547105 (34.9%)HTN28321630NA106 (35.2%)Diabetes1319102335100 (33.20%)COPD622111839 (13%)CancerNA6271025 (8.3%)CKD53551129 (9.6%)Other05052535 (11.6%)[^8]

DISCUSSION {#sec0012}
==========

The persistently increasing number of COVID-19 cases and the devastating death toll is an emergent and widespread concern for social, health, and economic sectors around the globe.[@bib0048] Yet, so far, no effective treatment has been established and the pathogenesis of this novel virus still remains unclear.[@bib0049] Daily reports of new diagnostic and death peaks are being reported from various active and emerging epicenters around the world, with a plethora of studies examining and reporting on the risks of severe complications and mortality in COVID-19 patients. Higher age group (\>60, Median 34-59) is a well-observed risk factor for severe outcome; however, emphasis on caution for younger individuals is also emerging and advocated by major health agencies.[@bib0009] ^,^ [@bib0010] ^,^ [@bib0050] ^,^ [@bib0051] Early and current scientific reports have also identified the presence of one or more coexisting comorbidities, particularly in severe COVID-19 patient groups.[@bib0014], [@bib0015], [@bib0016] These common comorbidities include CVD, HTN, Diabetes, COPD, CKD, and Cancer. According to the WHO statistics on chronic conditions, these aforementioned diseases account for the most common and leading cause of mortality worldwide.[@bib0019] Therefore, in the context of the current COVID-19 pandemic, health experts believe that the presence of any coexisting comorbidity puts an individual with COVID-19 at higher risk for severe clinical outcome, including death.[@bib0027] A recent report from the London School of Hygiene and Tropical Medicine estimates that around 1.7 billion individuals globally have one or more comorbid conditions which might increase their risk of severe COVID-19 complications.[@bib0052] Based on our review of the most current literature consisting of data from several major COVID-19 epicenters, we see that one or more comorbid conditions is indeed more prevalent (57.7% vs 42.3%) among COVID-19 positive individuals ([Fig 2](#fig0002){ref-type="fig"}). Further, comorbidity seems to be even more prevalent in patients with fatal outcomes, with 84.1% of these individuals having one or more comorbidity ([Table 4](#tbl0004){ref-type="table"}). Although the link between increased disease severity and presence of comorbidity is well-established, comorbidity and its effect on mortality remains an unclear question, with increased risk to no risk seen in several recently published studies.[@bib0010] ^,^ [@bib0053], [@bib0054], [@bib0055] In our review, we report similar findings, with overall 2.57 times increased risk of fatality with one or more comorbidity in several pooled studies, and no such correlation in another pool ([Table 3](#tbl0003){ref-type="table"}/[Supplementary Table B](#sec0021){ref-type="fn"}). As such, no distinct conclusions regarding comorbidity and fatality can be drawn, and the subject requires further study with larger population groups and multi-center/national investigations. Current knowledge and our findings on specific major comorbidities are discussed in further detail below.

Cardiovascular disease (CVD) {#sec0013}
----------------------------

CVDs including hypertension, coronary heart disease, cerebrovascular disease, account for an estimated 17.9 million annual deaths worldwide.[@bib0056] These groups of disorders of the heart and blood vessels are the leading cause of global mortality and morbidity.[@bib0056] ^,^ [@bib0057] Viral infectious diseases can cause a variety of CVDs, including myocarditis, pericarditis leading to arrhythmias and heart failure.[@bib0058] In COVID-19, although the exact mechanism of myocardial injury is still in question, new studies have revealed a possible link with Angiotensin-converting enzyme 2 (ACE2) expression in cardiac tissues.[@bib0059] Studies show that acute cardiac injury occurs in about 7%-28% of all COVID-19 cases, and among these lead to death in about 10.5% (vs 0.9%) of cases with underlying CVD.[@bib0060], [@bib0061], [@bib0062] Among the spectrum of CVDs, hypertension has been observed to be the most prevalent (∼30%), and similarly leading cause of death in about 6% of cases.[@bib0062] ^,^ [@bib0063] Based on our review, prevalence of CVD was 8.9%, with HTN being the most prevalent in 33.1% across all groups ([Table 1](#tbl0001){ref-type="table"}). This was also true in country specific evaluation, where HTN accounted for the leading portion of comorbidity in majority of regions ([Fig 2](#fig0002){ref-type="fig"}), with only exceptions being Iran and South Korea where Diabetes and other CVD were the most common respectively. No clear association between fatality and CVD was found in our study, which is consistent with the uncertainty regarding comorbidities and mortality based on current understanding.[@bib0010] ^,^ [@bib0053] ^,^ [@bib0055] A positive correlation was found; however, in a subset of pooled studies where HTN showed 1.65 more fatality risk in COVID-19 patients (Pool 2: [Supplementary Table B](#sec0021){ref-type="fn"}). This result, however, needs careful evaluation due to limitations in sample size as well as inconsistency with other pooled analysis (Pool 1: [Supplementary Table B](#sec0021){ref-type="fn"}) and other published studies.[@bib0053] More extensive and detailed studies are needed to establish any clear association between CVD, HTN and any increased risk of fatality in COVID patients. Overall, strong consideration must be given in terms of management and treatment to COVID-19 positive patients presenting with preexisting cardiovascular comorbidity, especially uncontrolled blood pressure. Further, patients with unmanaged or uncontrolled hypertension should be informed on their respective risks and take appropriate preventative measures.

Diabetes mellitus (DM) {#sec0014}
----------------------

Globally, about half of a billion people are living with diabetes, one of most common comorbidities that can lead to multi-system complications.[@bib0019] ^,^ [@bib0064] The long-term effect of elevated blood sugars results in a weakened immune system and increased susceptibility to infectious processes like COVID-19.[@bib0065] Although, no clear association has been established between DM and COVID-19 severity, early investigations postulate a possible link with ACE2 overexpression in diabetic patients.[@bib0065] Studies show that prevalence of diabetes varies from 4.5% in nonsevere cases upto 32% in severe complicated cases of COVID-19, with deaths seen in around 9.2% of all confirmed cases.[@bib0003] ^,^ [@bib0066] ^,^ [@bib0067] Based on our study, diabetes (17.4%) was the most prevalent comorbidity seen in COVID-19 patients after hypertension ([Table 1](#tbl0001){ref-type="table"}). And, in our country specific evaluation it was within the first 2 most common comorbidity across all regions, with Iran having it as the most prevalent comorbidity in their COVID-19 patient group ([Fig 3](#fig0003){ref-type="fig"}). No clear association has been found regarding DM and mortality outcome in COVID-19 patients, as results from several published studies vary.[@bib0066] ^,^ [@bib0067] We do not see any such correlation in our study either; however, in solely fatal cases it was seen to be highly prevalent (33.2%) comparable to HTN (35.2%) and CVD (34.9%) ([Table 4](#tbl0004){ref-type="table"}). Given the complications of diabetes in weakening one\'s immune system, it is thus important to take precautionary measures to combat the high incidence of COVID-19 in this vulnerable group. Special focus must be given to proper glycemic control, blood glucose monitoring, and timely treatment to avoid the severe complications of COVID-19.

Chronic obstructive pulmonary syndrome (COPD) {#sec0015}
---------------------------------------------

The study on Global Burden of chronic Diseases (2016) indicates the prevalence of COPD to be 251 million cases globally leading to an estimated 3.17 million deaths in 2015.[@bib0068] COPD is a chronic inflammatory condition that affects large and small airway tissues compromising their function in the long-term. The impact of respiratory infections on a chronically compromised respiratory system can lead to severe exacerbations, often causing fatal outcomes if not properly managed.[@bib0069] Similar to other respiratory infections, COVID-19 primarily affects the lungs, invading the pulmonary alveolar epithelial cells.[@bib0069] Recent histopathological studies on autopsy cases reveal features of the exudative and proliferative phases of diffuse alveolar damage and inflammatory infiltrate primarily consisting of alveolar macrophages and interstitial lymphocytes.[@bib0070] ^,^ [@bib0071] Most often in severe cases this pathology leads to acute respiratory distress syndrome, one of the most serious complications of COVID-19.[@bib0072] Surprisingly, studies show that COPD (1.5%-3%) is not as prevalent in COVID-19 cases compared to CVD and Diabetes.[@bib0053] ^,^ [@bib0073] Similarly, mortality with COPD and COVID-19 is also lower than other major comorbidities (6.3% vs 10.5% CVD); although risk severity seems to be comparable (3-4 folds).[@bib0053] ^,^ [@bib0069] Based on our review of data, prevalence of COPD (7.5%) in all cases as well as in fatal cases (13%) was higher compared to other studies, but still fell behind CVD and diabetes in overall prevalence ([Tables 2](#tbl0002){ref-type="table"} and [4](#tbl0004){ref-type="table"}). Besides Iran, which had COPD (18.6%) as the second most prevalent comorbidity in their COVID-19 patient group, all other countries had it as the third or fourth most common comorbidity ([Fig 3](#fig0003){ref-type="fig"}). No clear association was found between COVID-19 mortality risk and COPD, which is consistent with other studies, although elevated mortality risk due to increased disease severity has been observed in other studies ([Supplementary Table B](#sec0021){ref-type="fn"}).[@bib0053] ^,^ [@bib0074] Although prevalence of COPD in COVID-19 cases seems to be low in fatal and nonfatal cases, risk of disease severity is relatively high, which can lead to substantial mortality rates. Effective preventative measures including added droplet precautions must be taken to reduce risk of infection in COPD patients, and immediate supportive treatment including ventilatory support should be available to mitigate the substantial disease severity.

Cancer {#sec0016}
------

Cancer is the second leading cause of death worldwide with an estimated 9.6 million deaths and prevalence of 17 million in 2018.[@bib0075] Complications of underlying malignancy include a compromised immune system from disease process or treatment, among other multi-system defects.[@bib0076] As with any infectious process this state of weakened immune system puts an individual at increased risk for COVID-19 susceptibility and severity.[@bib0077] Studies show that the prevalence of cancer among COVID-19 patients range from 0.29% to 2%.[@bib0076] ^,^ [@bib0077] And, mortality in these cases is estimated to be around 5%-7%.[@bib0057] ^,^ [@bib0077] Based on our review, overall prevalence of cancer in COVID-19 patients was 2.6%, consistent with other studies, while prevalence in fatal cases was higher at 8.3% ([Tables 2](#tbl0002){ref-type="table"} and [4](#tbl0004){ref-type="table"}). Prevalence of cancer in COVID-19 patients was highest in the United Kingdom (12%) among the 7 countries that were reviewed; however, this data is limited by small sample size and source of data being from a long-term care facility. Overall, no clear correlation has been found between COVID-19 deaths and cancer, as is in our review ([Supplementary Table B](#sec0021){ref-type="fn"}).[@bib0076] However, focused study regarding cancer and COVID-19 outcomes seems to be lacking with limited data availability in current scientific literature. Therefore, despite low prevalence and limited scientific evidence in current literature, equal consideration must be given to cancer patients as with other comorbidities, given their degree of immunocompromised state. This is especially true with bone marrow transplant patients, hematological malignancies, and patients undergoing active chemo- or radiation treatments. As no current recommendations exist regarding withholding treatment from these patients, clinicians and patients must take early preventative measures to avert any potential complications.[@bib0078]

Chronic kidney disease (CKD) {#sec0017}
----------------------------

Between 1990 and 2017, the prevalence of CKD increased by 29.3% and it became the 12th most common cause of death globally. Worldwide, 697.5 million cases of CKD are documented with 1.2 million death cases reported in 2017.[@bib0079] Complications of CKD include a variety of metabolic, electrolyte, and cardiovascular derangements, which can cause severe outcomes, and are frequently exacerbated with AKI.[@bib0080] The impact of CKD/AKI on COVID-19 patients is not well studied and limited data is available on the topic. Recent studies reporting on COVID-19 and AKI reveal that upto 30% of cases develop moderate to severe kidney injury.[@bib0081] Although the apparent impact of COVID-19 on renal tissues is unclear, it is believed that the pathogenesis likely involves increased expression ACE2 in renal tissues, the main binding site for COVID-19.[@bib0080] ^,^ [@bib0081] Prevalence of CKD in COVID-19 patients has been observed to be ranging from 1% to 2% in limited study groups. Based on our review, the prevalence of CKD was 3.5% in all cases and upto 9.6% in all fatal cases ([Tables 1](#tbl0001){ref-type="table"} and [4](#tbl0004){ref-type="table"}). Country specific review revealed the highest prevalence of CKD was in the United Kingdom (10.8%), but the data is limited by source and sample size as discussed above. There is limited data on COVID-19 fatality and CKD; with mortality data varying from 16% to 53%.[@bib0082] ^,^ [@bib0083] No clear association was found between COVID-19 fatality and CKD ([Supplementary Table B](#sec0021){ref-type="fn"}). Despite limited evidence on prevalence and severe outcomes, kidney injury seems to be substantial in COVID-19 patients.[@bib0081] Therefore, standard precautionary measures must be followed given likely complications. Moreover, additional studies are needed on this topic to improve our understanding and to develop effective preventative and therapeutic strategies.

Others {#sec0018}
------

Limited data and evidence are available for a variety of other chronic underlying comorbidities reviewed in this study ([Table 2](#tbl0002){ref-type="table"}). Diseases in this category accounted for 15.5% of overall comorbidities and was seen in 11.6% of overall fatal cases ([Tables 2](#tbl0002){ref-type="table"} and [4](#tbl0004){ref-type="table"}). Interestingly, this group was the majority of comorbidity observed in COVID-19 patient data from Mexico (42.3%) ([Fig 2](#fig0002){ref-type="fig"}). No clear evidence was found for any correlation between COVID-19 mortality and these conditions ([Supplementary Table B](#sec0021){ref-type="fn"}). Overall, these conditions have low prevalence in COVID-19 cases; however, consist of a variety of diseases which cannot be concisely evaluated given the lack of specific data. Special consideration should be given to COVID-19 patients with particular conditions within this category including liver disease, transplant, immunocompromised, and hematological disorders as these conditions are associated with weakened immunity and severe complications.[@bib0084]

Limitations of study {#sec0019}
--------------------

Our study was limited by wide variation in sample size (25-7,497), availability of data, and quality of methodology in the included studies. Majority of the studies (18 out of 27) included in this study originated from China, which might limit the estimated contributions of comorbidities to COVID-19. However, overall patient sample size was comparable between 5/7 countries, and the pooled analysis consisted of data from multiple countries. Further, 2 studies report data from long-term care centers ([Table 1](#tbl0001){ref-type="table"}), which might skew the comorbidity data; however, the combined sample size from these studies was low (268) compared to the composite sample size (22,753). Additionally, these studies were not included in any pooled analysis. This study includes a large composite sample size and encompasses major epicenters for COVID-19 with different social, cultural and ethnic backgrounds, which allows our result to be generalized. However, any conclusions drawn must be cautiously interpreted in the aforementioned contexts.

CONCLUSIONS {#sec0020}
===========

Since the breakout of the novel coronavirus (COVID-19) in the fall of 2019, health, social, and economic sectors around the world have suffered from persistent climb in cases and gruesome daily death tolls. Despite its rapid and impartial spread across different countries, ethnicities, gender, and age groups, within only a few months the medical and scientific community have come together in a global effort to characterize, evaluate, and manage this pandemic. Although vastly more studies and evidence need to be gathered, we have some clarity on vulnerable groups of people across the world who might have increased risk from acquiring COVID-19. These include individuals in higher age groups (\>65), as well as those with one or more preexisting comorbid conditions.

This literature review explored the prevalence of top global comorbidities among individuals with COVID-19, as well as investigated any significant associations. We found higher prevalence of comorbid conditions in COVID-19 patients along with higher fatality in said group. We also found higher prevalence of HTN, CVD, and Diabetes in these groups as compared to COPD. Mortality in COVID-19 and having one or more comorbidity is still an uncertain topic, which is also evident in our findings. However, evidence of severity with comorbidity has been well documented in numerous studies. Given the limited level of evidence, more adequately powered studies are needed to further investigate these associations.

Overall, we have provided review on major comorbidities in the context on COVID-19 based on the most updated available literature. Knowledge on this topic is constantly changing and periodic updates may help aid in our ability to combat this global pandemic. This review corroborates findings from other studies in identifying vulnerable patient populations with comorbidities who are at increased risk of severe COVID-19 complications. Given this higher risk, it should thus be recommended that individuals with one or more underlying comorbidity take added precaution to avoid close contact with members of community, particularly in areas with high infection rates. Further, as effective anti-viral therapy and vaccinations are developed, strong consideration must be given towards focused intervention efforts to protect this vulnerable group. This review may support policy makers, clinicians, and researchers in making these informed decisions as new strategies are developed to overcome this pandemic.

Appendix. SUPPLEMENTARY MATERIALS {#sec0022}
=================================
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[^1]: Data from long-term care facility.

[^2]: Newcastle-Ottawa scale (NOS); NA, Data not available.

[^3]: Fatal cases.

[^4]: Mean ± SD or Median (IQR).

[^5]: Reported as age range in 30s-80s.

[^6]: Fatal cases.

[^7]: Data reported within CVD; NA: data not available.

    *CVD*, cardiovascular disorders; *HTN*, hypertension; *COPD*, chronic obstructive pulmonary disease; *CKD*, chronic kidney disease; Other: liver disease, GI disorders, immunocompromised, neurological disorders, psychiatric disorders, metabolic disorders, blood disorders, transplant, chronic pancreatitis, connective tissue disorder, smoking, obesity, hyperlipidemia.

[^8]: Studies reporting only fatal cases.

    N: total patient population with fatal outome; n: patients with one or more comorbidiy and fatal outcome.
